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(54) Method of optimized design of an HVAC air-handling assembly for a climate control system 



(57) A method of optimized design of an HVAC air- 
handling assembly for a climate control system on a ve- 
hicle includes the steps of generating a basic design of 
the HVAC air-handling assembly and analyzing a per- 
formance of the basic design of the HVAC air-handling 



assembly using an engineering analytical technique. 
The method also includes the steps of varying the basic 
design of the HVAC air-handling assembly based on the 
performance analysis and using the optimized basic de- 
sign of the HVAC air-handling assembly in generating 
the HVAC air-handling assembly design. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates generally to 
computer-aided design of vehicles and, more specifical- 
ly, to a method of optimized design of an HVAC (heating, 
ventilating and aircondrtioning) air-handling assembly 
for a climate control system on a vehicle. 

2. Description of the Related Art 

[0002] The process of vehicle design, and in particular 
automotive vehicle design, involves several phases 
leading up to the manufacture of the vehicle. These 
phases are commonly known in the art as design, de- 
velopment, prototype, and test phases. These phases 
may occursequentially or concurrently, depending upon 
the time available for the vehicle design process. Ad- 
vantageously, an efficient design process for developing 
a new product offers a competitive advantage in the 
marketplace. 

[0003] Within the design phase, there are several rec- 
ognized subphases, including conceptual design, basic 
design, detailed design and drafting. The conceptual de- 
sign involves the creation of a rough model, which is typ- 
ically a two-dimensional model. The basic design is a 
simplified geometric representation of the conceptual 
model, and is generally shown as a three-dimensional 
solid model. The detailed design is a further refinement 
of the basic model including detailed features, such as 
a three-dimensional solid model. The engineering anal- 
ysis typically utilizes the detailed design for analytical 
purposes. The drafting phase is a drawing of the de- 
tailed model for manufacturing purposes, such as a sec- 
ond two-dimensional drawing, with the results of the en- 
gineering analysis incorporated within the detailed mod- 
el. 

[0004] Vehicle design, and in particular automotive 
vehicle design, has advanced to a state in which com- 
puter-aided design techniques are frequently utilized to 
develop the new vehicle in a virtual environment. Com- 
puter-aided design is especially beneficial in optimizing 
the various systems incorporated within a vehicle, to 
maximize design and functional capabilities of the vehi- 
cle systems. One example of a vehicle system is a cli- 
mate control system, which maintains the temperature 
of an occupant compartment of the vehicle at a comfort- 
able level by providing heating, cooling and ventilation. 
Air-handling for the climate control system is carried out 
by an integrated mechanism referred to in the art as a 
heating, ventilation and air conditioning (HVAC) assem- 
bly 

[0005] One aspect of the overall design task for a ve- 
hicle system, such as the climate control, is to ensure 
that the design of the vehicle system is spatially com- 



patible with a particular environment. Another aspect of 
the design task is to ensure that the design complies 
with predetermined functional criteria, including per- 
formance and durability requirements. In the past, vari- 
5 ous methods have been utilized to determine whether 
a proposed design meets such predetermined parame- 
ters. For example, a proposed design may be analyzed 
in two dimensions, which requires many iterations of a 
drawing. A three-dimensional model may also be con- 
io structed to obtain a better perspective of the design. The 
three-dimensional model may also undergo testing to 
determ ine whether it complies with perf ormance and du- 
rability criteria. This design method is time consuming 
and expensive. 

is [0006] It is also known that knowledge-based design 
methods are being utilized in designing a vehicle sys- 
tem. The knowledge-based design method provides ad- 
vice to the user of the method learned from knowledge 
guidelines based on lessons learned from previous de- 

20 signs, and engineering and manufacturing experience. 
Advantageously, knowledge-based design techniques 
maximize the amount of knowledge utilized, while de- 
veloping a new vehicle system in a minimal period of 
time. The knowledge-based design techniques typically 

25 utilize a detailed design of the vehicle system to perform 
an engineering analysis. An example of a knowledge- 
based design technique is disclosed in U.S. Patent No. 
5,799,293 to Kaepp, entitled "Method For Optimizing 
The Design Of A Product Using Knowledge Based En- 

30 gineering Techniques', the disclosure of which is hereby 
incorporated by reference. 

[0007] It is also known to use a computer-aided de- 
sign technique to design a vehicle system. An example 
of a computer aided design technique is disclosed in U. 

as S. Patent 6,113,644 entitled 'Method and System For 
Vehicle Design Using Occupant Reach Zones', the dis- 
closure of which is hereby incorporated by reference. 
Another example is disclosed in commonly assigned U. 
S. Patent Application, SN 09/356,576 filed 1 9 July 1 999, 

40 entitled 'Method For Designing A HVAC Air-handling As- 
sembly For A Climate Control System' the disclosure of 
which is hereby incorporated by reference. 
[0008] While the above design techniques work well 
by utilizing a detailed parametric model developed from 

45 available architectures to analyze the performance of 
the model, they are time consuming. Therefore, there is 
a need in the art to provide a method of optimized of an 
HVAC assembly for a climate control system on a vehi- 
cle using a computer aided design and engineering 

so technique that establishes the performance of the sys- 
tem using a newly generated basic model of the system. 

SUMMARY OF THE INVENTION 

55 [0009] Accordingly, the present invention is a method 
of optimized design of an HVAC air-handling assembly 
for a climate control system on a vehicle. The method 
includes the steps of generating a basic design of the 
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HVAC air handling assembly and analyzing a perform- 
ance of the basic design of the HVAC air handling as- 
sembly using an engineering analytical technique. The 
method also includes the steps of varying the basic de- 
sign of the HVAC air-handling assembly based on the 
performance analysis and using the optimized basic de- 
sign of the HVAC air-handling assembly in generating 
the HVAC air-handling assembly design. 
[0010] One advantage of the present invention is that 
an improved method of optimized design of an HVAC 
air-handling assembly for a climate control system on a 
vehicle is provided that considerably reduces design 
time and related expenses. Another advantage of the 
present invention is that a method of optimized design 
of an HVAC air-handling assembly for a climate control 
system on a vehicle is provided that utilizes parametric 
automated design in light of predetermined design, 
manufacturing and engineering criteria. Yet another ad- 
vantage of the present invention is that a method of op- 
timized design of an HVAC air-handling assembly for a 
climate control system on a vehicle is provided that an- 
alyzes the performance of a basic design of the HVAC 
air-handling assembly. Still another advantage of the 
present invention is that a method of optimized design 
of an HVAC air-handling assembly for a climate control 
system on a vehicle is provided that includes optimized 
performance features in subsequent designs. A further 
advantage of the present invention is that a method of 
optimized design of an HVAC air-handling assembly for 
a climate control system on a vehicle is provided which 
enhances informed decision making regarding subse- 
quent designs in light of performance objectives. Yet a 
further advantage of the present invention is that a meth- 
od of optimized design of an HVAC air-handling assem- 
bly for a climate control system on a vehicle is provided 
that utilizes a simulation-based design evaluation to 
evaluate the performance and structural integrity of the 
design. 

[001 1 ] Other features and advantages of the present 
invention will be readily appreciated, as the same be- 
comes better understood, after reading the subsequent 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a block diagram of a system which 
may be utilized with a method of optimized design of an 
HVAC air-handling assembly for a climate control sys- 
tem on a vehicle, according to the present invention. 
[0013] Figure 2 is an exploded view of an HVAC air- 
handling assembly for a climate control system on a ve- 
hicle. 

[0014] Figure 3 is a perspective view of the HVAC air- 
handling assembly of Figure 2. 

[0015] Figure 4 is a sectional view taken along line 
4-4 of Figure 3 illustrating airflow through the HVAC air- 
handling assembly. 



[001 6] Figure 5 is a flowchart of a method of optimized 
design of an HVAC air-handling assembly for a climate 
control system on a vehicle, according to the present 
invention. 

5 [0017] Figure 6 is an elevational view of a system for 
designing the HVAC air-handling assembly. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 

[0018] Vehicle design, and in particular the design of 
an HVAC air-handling assembly 10 (Fig.2) for a climate 
control system on a vehicle, is achieved according to 
the present invention with a generic parametric driven 

'5 design process. Advantageously, this process allows 
flexibility in vehicle design and engineering analysis of 
the vehicle design in a fraction of the time required using 
conventional design methods. Various computer-based 
tools are integrated to achieve this enormous time and 

20 expense savings, including solid modeling, parametric 
design, automated studies and a library. 
[0019] Referring to the drawings and in particular Fig- 
ure 1 , the tools 100 used by a method for optimized de- 
sign of the HVAC air-handling assembly 1 0 for a climate 

25 control system on a vehicle, according to the present 
invention, are illustrated graphically. The tools 100 in- 
clude a library 112 stored on an electronic storage de- 
vice (not shown). The library 1 12 is a database of sub- 
libraries providing an electronic representation of vari- 

30 ous experts' knowledge of information relevant to the 
design of the HVAC air-handling assembly 10 for a cli- 
mate control system on a vehicle. The library 112 also 
includes design and assembly rules, guidelines and in- 
formation in electronic form regarding various types of 

35 HVAC air-handling assembly architectures and compo- 
nent parts. 

[0020] For example, the library 112 may include a 
component parts library. The component parts library 
may contain a parametric solid model of a particular 

40 component part, as well as parameters defining charac- 
teristics of the component part. A user 126 may select 
the parameters that are relevant to the design of the 
HVAC air-handling assembly 10. For example, a rele- 
vant vehicle system may include a condenser (not 

45 shown), fan (not shown), or engine (not shown) . 

[0021 ] The tools 1 00 also include a vehicle library 1 1 4 
stored on the electronic storage device. The vehicle li- 
brary 114 is an electrical representation of a vehicle 
model or a portion thereof. Advantageously, the vehicle 

so library 114 may contain a parametric solid model of an 
exterior portion of a particular vehicle, or the HVAC air- 
handling assembly 10. In this example, the vehicle li- 
brary 114 may include a parametric model of an occu- 
pant compartment portion of the vehicle. 

55 [0022] Also, the vehicle library 114 may contain pa- 
rameters defining various vehicles and vehicle system 
characteristics, such as interior size and vehicle body 
style. It should be appreciated that the vehicle library 



3 



5 



EP 1 113 373 A2 



6 



114 may be a sub-library of the knowledge based engi- 
neering library 112. 

[0023] The tools 100 may also include various com- 
puter-aided design toots 116, which can be used for the 
design method, to be described. These design tools 116 5 
may include solid modeling and parametric design tech- 
niques. Solid modeling, for example, takes electronical- 
ly stored vehicle model data from the vehicle library 114 
and standard component parts data from the library 112 
and builds complex geometry for part-to-part or full as- 10 
sembfy analysis. Several modeling programs are com- 
mercially available and generally known to those skilled 
in the art. 

[0024] The parametric design technique is used in the 
electronic construction of vehicle geometry within a is 
computer system 122, to be described, for designing a 
vehicle system, such as the HVAC air-handling assem- 
bly 1 0. As a particular dimension or parameter is modi- 
fied, the computer system 122 is instructed to regener- 
ate a new vehicle or part geometry. The parametric 20 
HVAC air-handling assembly information, from the 
knowledge-based information engineering library 112, 
control and limit the design process in accordance with 
predetermined design parameters. 

[0025] The tools 100 also include various computer- 25 
aided engineering (CAE) analysis tools 118. One exam- 
ple of an engineering analysis technique is computation- 
al fluid dynamics (CFD). Another example of an engi- 
neering analysis technique is finite element analysis 
(FEA). Several software programs are commercially 30 
available to perform the CFD or FEA analysis and are 
generally known to those skilled in the art. 
[0026] The tools 1 00 further include the computer sys- 
tem 122, as is known in the art, to implement a method 
120 of optimized design. The computer system 122 in- 35 
eludes a processor and a memory 124a, which can pro- 
vide a display and animation of a system, such as the 
HVAC air-handling assembly 1 0, on a display such as a 
video terminal 124b. Parametric selection and control 
for the design can be achieved by the user 126, via a 40 
user interactive device 1 24c, such as a keyboard or a 
mouse. The user 1 26 inputs a set of parameters and set 
of instructions into the computer system 122 when 
prompted to do so. The set of parameters and the set 
of instructions may be product specific, wherein other *s 
data and instructions non-specific to the product may 
already be stored in the memory 124a. 
[0027] One example of an input method is a pop-up 
window with all current parameters, including an on-line 
description for the parameter and a current value there- so 
fore. For example, parametric values may be chosen 
from a table within a two-dimensional mode, since some 
vehicle designers prefer to view an assembly in sections 
which can be laid out on a drawing. 

[0028] Once the computer system 122 receives the 55 
set of parameters and instructions from the user 126, 
and any information regarding related vehicle systems 
and information from the libraries 112, 114, design tools 



116 and analysis tools 118, the computer system 122 
utilizes a method 120, discussed in detail subsequently, 
to determine whether requirements have been met. 
[0029] Advantageously, the computer implemented 
method of optimized design of the HVAC air-handling 
assembly 10, to be described, combines all of the fore- 
going to provide an efficient, flexible, rapid design of the 
HVAC air-handling assembly 10 for a climate control 
system on a vehicle. Further, the optimized HVAC air- 
handling assembly design 128 is an output of the meth- 
od 120 and the optimized HVAC air-handling assembly 
design 128 is available for further analysis and study. 
[0030] Referring to Figures 2 through 4, one embod- 
iment of the HVAC air-handling assembly 10 for a cli- 
mate control system (not shown) on a vehicle (not 
shown) is illustrated. The climate control system gener- 
ally provides for heating, ventilation and air conditioning 
of an occupant compartment (not shown) of the vehicle. 
Advantageously, the climate control system provides for 
a comfortable interior temperature of the occupant com- 
partment, and good visibility through the windshield (not 
shown) and other windows (not shown) of the vehicle. 
It should be appreciated that the interior temperature of 
the vehicle may be affected by factors such as occupant 
compartment temperature, ambient temperature, sun- 
load, external air flow and heat radiation. 
[0031] The climate control system also includes an 
air-flow handling system, referred to in the art as the 
heating, ventilation and air conditioning (HVAC) air-han- 
dling assembly 1 0. It should be appreciated that, in this 
example, the thermal management of the heating, cool- 
ing and ventilation functions is integrated into one sys- 
tem. The HVAC air-handling assembly 10 conditions a 
flow of air by heating or cooling the airflow and distrib- 
uting the flow of conditioned air to the interior of the oc- 
cupant compartment of the vehicle, it should be appre- 
ciated that, in this example, the HVAC air-handling as- 
sembly 10 is positioned on the occupant compartment 
side of a dash panel (not shown), and below an instru- 
ment panel (not shown). Also, in this example, the HVAC 
air-handling assembly 1 0 includes a case 32, having a 
preferred architecture, to package the individual com- 
ponent parts of the HVAC air-handling assembly 1 0, to 
be described. 

[0032] The HVAC air-handling assembly 10 includes 
an air inlet duct 34. The air inlet duct 34 includes an in- 
terior chamber (not shown) that is hollow, for receiving 
air to be conditioned. The air inlet duct 34 includes an 
inlet opening to allow the ingress of airto be conditioned 
into the interior chamber. The air inlet duct 34 receives 
air from outside of the vehicle, or recirculated air from 
inside the occupant compartment of the vehicle. 
[0033] In this example, there is an outside air inlet 
opening 36 for receiving outside air, such as through a 
vent located near a windshield portion of the vehicle and 
a recirculated air inlet opening 37 for receiving recircu- 
lated air from the occupant compartment. Preferably, 
the openings 36,37 are covered by a door (not shown) 
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that operativefy controls the ingress of air. The door is 
actuable between multiple positions, including one hun- 
dred percent outside air and no recirculated air, one hun- 
dred percent (100%) recirculated air and no outside air, 
and a mixture of outside air and recirculated air. It should 
be appreciated that the size of the air inlet duct 34 and 
position relative to the case 32 is part of an HVAC as- 
sembly architecture. The air inlet duct 34 also includes 
an egress opening 38 for the air to leave the interior 
chamber of the air inlet duct 34. 

[0034] The HVAC air-handling assembly 10 also in- 
cludes a blower assembly 40 operativefy connected to 
the egress opening 38 in the air inlet duct 34. The blower 
assembly 40 pulls air through the air inlet duct 34 and 
forces it through the rest of the HVAC air-handling as- 
sembly 1 0, in a manner to be described. The blower as- 
sembly 40 includes a scroll housing 42 having a wheel 
44 and a motor 46, as it is known in the art. Preferably, 
the motor 46 is part of a centrifugal blower function for 
the blower assembly 40. 

[0035] The HVAC air-handling assembly 10 further in- 
cludes an evaporator core 48 operativety connected to 
the blower assembly 40, that receives the flow of air to 
be conditioned. Depending on the operational mode se- 
lected, the flow of air to be conditioned is either outside 
air, or recirculated air from the occupant compartment. 
It should be appreciated that, in this example, there is a 
filter 50 positioned between the blower assembly 40 and 
the evaporator core 48, to filter the air before it passes 
through the evaporator core 48. The evaporator core 48 
cools and dehumidifies the air to be conditioned, by the 
thermodynamic transfer of heat from the air to be con- 
ditioned to a refrigerant, as is known in the art. The now 
conditioned air exits the evaporator core 48 and is dis- 
tributed in a manner to be described. 
[0036] The HVAC air-handling assembly 10 also in- 
cludes a blend door 52 that diverts the flow of condi- 
tioned air leaving the evaporator core 48 to adjust the 
temperature of the air, depending on the selected oper- 
ational and temperature modes. It should be appreciat- 
ed that the blend door 52 may be actuated by an actu- 
ator 54. The actuator 54 may be electrically operated, 
mechanically operated, or vacuum operated, as is 
known in the art. The blend door 52 directs the flow of 
air either into a heater core 56, to be described, or to 
bypass the heater core 56, or partially through the heat- 
er core 56. 

[0037] The HVAC air-handling assembly 1 0 includes 
a heater core 56 that receives a flow of air to be heated 
and a coolant fluid, which, in this example, is engine 
coolant as is known in the art. The heater core 56 heats 
the air by the thermodynamic transfer of heat from the 
coolant fluid. 

[0038] The HVAC air-handling assembly 10 also in- 
cludes an air mix door 60, in communication with a duct 
(not shown). The air mix door 60 directs the flow of con- 
ditioned air from the evaporator core 48, or heater core 
56, or a combination of both , into the duct for distribution 



in the occupant compartment, depending on the select- 
ed air distribution mode. In this example, a first air mix 
door 60a operatively directs the flow of now conditioned 
air through a panel duct (not shown) in the instrument 
s panel or floor duct (not shown) and into the occupant 
compartment. A second air mix door 60b operativety di- 
rects the flow of conditioned air through the panel duct 
or a defroster duct (not shown), and into the occupant 
compartment. 

10 [0039] Preferably, the HVAC air-handling assembly 
10 includes other component parts, such as valves (not 
shown) and switches (not shown), which are conven- 
tional and known in the art to operativefy transfer and 
condition the airflow. 
15 [0040] Referring to Figure 5, a flowchart of a method 
of optimized design of the HVAC air-handling assembly 
1 0, according to the present invention, is illustrated. The 
methodology starts or begins in bubble 200, when it is 
called for by the user 1 26. The methodology advances 

20 to block 205 and the user 126 generates a conceptual 
design of the HVAC air-handling assembly 10 for a cli- 
mate control system on a particular vehicle type. The 
conceptual design is a two-dimensional representation 
of the HVAC air-handling assembly 10, or a portion 

25 thereof, within a particular vehicle environment. In this 
example, the conceptual design of the HVAC air-han- 
dling assembly 1 0 Is a new model generated by a design 
tool 1 1 6 such as a computer aided design (CAD) tech- 
nique, as is known in the art. Alternatively, a model of 

30 the HVAC air-handling assembly 10 may be obtained 
from a library 112, previously described. The methodol- 
ogy advances to block 21 0. 

[0041] In block210, the user generates a basic design 
of the HVAC air-handling assembly 1 0 using the design 

35 tool 1 1 6. It should be appreciated that the basic design 
may be a parametric model of the HVAC air-handling 
assembly 10, as defined by coordinates in space that 
reference the general shape of the HVAC air-handling 
assembly 10 and position the HVAC air-handling as- 

40 sembly 1 0 with respect to a parametric model of the in- 
strument panel. In particular, these coordinate points 
define specific reference points on the HVAC air-han- 
dling assembly 1 0 for determining the shape and attach- 
ment of the HVAC air-handling assembly 1 0. The meth- 

45 odology advances to block 215. 

[0042] In block 215, the user 1 26 selects components 
to be included in the model of the basic design of the 
HVAC air-handling assembly 10. Preferably, a geomet- 
ric representation of surfaces that model the direction of 

50 airflow within the HVAC air-handling assembly 10 are 
included in the basic model, as shown by the arrows in 
Figure 4. These surfaces may include that of the evap- 
orator core 48 and heater core 56, interior surfaces of 
doors such as the air mix door 60, or blend door 52, and 

55 openings in ducts. It should be appreciated that a library 
112 may be used to obtain the surfaces. The model for 
the basic design of the HVAC air-handling assembly de- 
sign 10 is generated using the design tool 116 such as 
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a computer aided design (CAD) technique. Preferably, 
the appropriate relationship between the HVAC air-han- 
dling assembly 10, instrument panel, vehicle body and 
other vehicle structures are automatically determined 
and based upon the parametric information provided. 
[0043] It should be appreciated that packaging refers 
to an electronic representation of the dimensions of the 
system, device or component as it geometrically relates 
to a three-dimensional reference frame of the vehicle. 
These vehicle systems may include, but are not limited 
to the instrument panel, the dash panel, and the HVAC 
air-handling assembly 1 0. A vehicle system is intended 
to include any part of the vehicle which will interact with 
the HVAC air-handling assembly 1 0 either directly or in- 
directly. 

[0044] From block 21 5, the methodology advances to 
block 220 and evaluates the model of the basic design 
of the HVAC air-handling assembly design using the 
analysis tool 118, such as computational fluid dynamics 
(CFD). CFD provide information regarding performance 
characteristics of the HVAC air-handling assembly 10, 
such as airflow, temperature distribution, temperature 
response, and airflow distribution. In this example, the 
CFD analysis automatically generates a mesh of the 
HVAC air-handting assembly 10 from the model of the 
basic design and automatically applies CFD boundary 
conditions. Preferably, the CFD generated model of the 
HVAC air-handling assembly 1 0 is associative to the ge- 
ometric model of the basic design, such that as the ge- 
ometric model is modified, the CFD model is automati- 
cally updated. Advantageously, the mesh of the basic 
design is a simpler mesh and quicker to analyze than a 
more complex system. The methodology advances to 
block 225. 

[0045] In block 225, the methodology solves and post 
processes the CFD model of the HVAC air-handling as- 
sembly 10 to evaluate the system performance. The 
methodology advances to block 230. In block 230, the 
user 1 26 determines if the system performance satisfies 
a predetermined performance design criteria for the de- 
sign of the HVAC air-handling assembly 10 based on 
the performance evaluation in block 225. Examples of 
a performance criteria include temperature distribution 
and airflow distribution. 

[0046] If the performance does not satisfy the prede- 
termined performance design criteria, the methodology 
advances to block 235. In block 235, the user 126 uses 
the design tool 116, such as computer aided design, to 
modify the model of the basic design. For example, the 
user 1 26 may change the geometry of a surface or spec- 
ify a different component. Advantageously, the user 1 26 
may modify the geometry of the HVAC air-handling sys- 
tem 1 0 and observe the performance impact. The meth- 
odology returns to block 210 previously described. 
[0047] Returning to block 230, if the system perform- 
ance optimally satisfies the predetermined performance 
design criteria, the methodology advances to block 240. 
In block 240, the methodology parametrically creates a 



detailed design of the HVAC air-handling assembly de- 
sign from the optimized design using the design tool 
116. For example, the user 126 may add additional fea- 
tures to the basic design of the HVAC air-handling as- 
5 sembly 10 from a feature library within the library 112. 
It should be appreciated that the additional features pro- 
vide a more detailed representation of a surface within 
the HVAC air-handling assembly 10 and include fea- 
tures such as bosses and fasteners. Advantageously, 
10 the performance of the HVAC air-handling assembly 1 0 
is optimized before the detailed design is generated, so 
that the system and any potential modification can be 
analyzed in a timely manner with minimal expense using 
the basic design of the HVAC air-handling assembly 10. 

15 The methodology advances to bubble 245 and ends. 
[0048] Referring to Figure 6, a representative system 
1000 for implementing the method for optimized design 
of the HVAC air-handling assembly 1 0, according to the 
present invention, is illustrated. The system 1000 in- 

20 eludes a processing unit 1002 connected to a user in- 
terface which may include a video terminal 1 004, a key- 
board 1006, a pointing device, such as a mouse 1008, 
and the like. The processing unit preferably includes a 
central processing unit 1002, a memory, and stored in- 

25 structions which implement the method for optimized 
design of the HVAC air-handling assembly 1 0, accord- 
ing to the present invention. The stored instructions may 
be stored within the processing unit 1 002 in the memory, 
or in any non-volatile storage such as magnetic or opti- 

30 cal media, EPROM, EEPROM, or the like. Alternatively, 
instructions may be loaded from removal magnetic me- 
dia 1010, such as a removal disk, sometimes called a 
floppy disk, optical media 1 01 2, or the like. In a preferred 
embodiment, the system 1 000 includes a general-pur- 

35 pose computer program to implement the functions il- 
lustrated and described with reference to Figures 1 
through 5. Of course, a system 1000, according to the 
present invention, could also be embodied with a dedi- 
cated device which includes various combinations of 

40 hardware and software. The preferred embodiment may 
also include a printer 1 01 4 connected to the processing 
unit 1 002, as well as a network connection for accessing 
a local server, an intranet, and the Internet. Preferably, 
solid modeling software, parametric design software, 

-*5 surface rendering software, animation software, and the 
like are used for developing the system 1000. 
[0049] The present invention has been described in 
an illustrative manner. It is to be understood that the ter- 
minology, which has been used, is intended to be in the 

so nature of words of description rather than of limitation. 
[0050] Many modifications and variations of the 
present invention are possible in light of the above 
teachings. Therefore, within the scope of the appended 
claims, the present invention may be practiced other 

55 than as specifically described. 
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Claims 

1 . A method of optimized design of an HVAC air-han- 
dling assembly for a climate control system on a ve- 
hicle, the method comprising the steps of: s 

generating a basic design of a parametric mod- 
el of the HVAC air-handling assembly; 
analyzing a performance of the basic design of 
the HVAC air-handling assembly using an en- 10 
gineering analytical technique; 
varying the basic design of the HVAC air-han- 
dling assembly using the performance analysis 
until a performance criteria is optimized; and 
using the optimized basic design of the HVAC 15 
air-handling assembly in generating the HVAC 
air-handling assembly design. 

2. A method as claimed in Claim 1 , wherein said step 

of generating a basic design includes generating a 20 
geometric representation of an airflow directing sur- 
face within the HVAC air-handling assembly. 

3. A method as claimed in Claim 1 or Claim 2, wherein 
the step of analyzing the performance includes us- 25 
ing computational fluid dynamics to analyze the per- 
formance. 

4. A method as claimed in any preceding claim, where- 
in said step of varying the basic design includes 30 
modifying a geometric representation of the surface 

of the HVAC air-handling assembly so that the per- 
formance of the HVAC air-handling assembly is op- 
timized. 

35 

5. A method as claimed in any preceding claim, where- 
in said step of varying the basic design includes 
modifying a component within the HVAC air-han- 
dling assembly so that the performance of the 
HVAC air-handling assembly is optimized. 40 

6. A method as claimed in any preceding claim, where- 
in the performance criteria is temperature distribu- 
tion within the HVAC air-handling assembly. 

45 

7. A method as claimed in any preceding claim, where- 
in the performance criteria is air flow distribution 
within the HVAC air-handling assembly. 

50 
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